Introduction
Peanut is one of the most popular coarse grains growing worldwide. Majority of the total production is used for oil extraction, leaving a large amount of defatted peanut meal (DPM).
DPM contains 50
_ 55% high quality protein and has great potential as food protein source. However, its poor protein solubility, low digestibility and other shortcomings limit its application. It is mainly used as animal feed and fertilizer at present. Enzymatic hydrolysis is potentially an effective technique for the recovery of proteins from DPM. Hydrolysate from DPM can be used as valuable protein resource or peptides for Maillard reaction in the presence of sugars. To the best of our knowledge, researches regarding the Maillard reaction products (MRPs) prepared using DPM hydrolysates and their application in food are still limited.
Lipid oxidation is a major cause of food deterioration, which directly results in stale or rancid flavour, and decreased nutritional quality and safety. Prevention of lipid oxidation has significant importance food industry. Some synthetic antioxidants, such as butylated hydroxytoluene and tertiary butylhydroquinone (TBHQ) have been used in food industry to prevent lipid oxidation.
However, the use of synthetic antioxidants is now limited owing to the growing concern over their potential carcinogenic effects (Sun and Fukuhara, 1997) . Hence, growing interest is focusing on developing natural antioxidants.
MRPs have been proved to be effective natural antioxidant in model systems and some food (Benjakul et al., 2005; Sun et al., 2010) . They attract particular attention of food producer as they play a key role in food process by delaying, retarding, or preventing oxidation processes. Li et al. (2013) proved that the MRPs of xylanand chitosan are resultful antioxidative preservatives for lipid food storage in lecithin model system and refrigerated pork meat.
In addition, MRPs contribute markedly to the aroma and taste of stored and processed food. Some researchers have added MRPs to
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Antioxidant Properties of Maillard Reaction Products from Defatted Peanut
Meal Hydrolysate-Glucose Syrup and its Application to Sachima food for its good flavour and antioxidant activity (Sun et al., 2010) .
Sachima is a kind of traditional Chinese pastry. It originates from China's Manchu ethnic group as a sacrifice in ancient times, and now has become more and more popular due to its deliciousness and convenience. Sachima is mainly made from flour and eggs. Deep-frying of dough is a pivotal process as it leads to the loose texture and porous of the product, while it also makes the lipid content up to 20 _ 30%. Prevention of lipid oxidation has become one of the biggest technical challenges for Sachima producing. In this study, the antioxidant properties of MRPs derived from DPM hydrolysate-glucose syrup at different heating time were evaluated by 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity, oxygen radical absorbance capacity (ORAC) assay and inhibition of linoleic acid autoxidation. The effects of MRPs on Sachima with regards to lipid oxidation and aroma compounds were investigated. 
Materials and Methods
Materials and chemicals
Preparation of DPM hydrolysate
The DPM hydrolysates were prepared according to the method of Su et al. (2011) . Five hundred grams of DPM was added into 500 mL of deionised water and heated at 121℃ for 15 min using an autoclave (Shanghai Shenan Instrument Co. L td., Shanghai, China), then mixed with 4000 mL of deionised water and homogenised at 10,000 rpm for 1 min using an Ultra Turrax homogeniser (Beijing Jingke Huarui Instrument Co. Ltd., Beijing, China). The pH of homogenate was adjusted to 7.0 with 1 M NaOH. Then the crude protease extract prepared from Aspergillus oryzae HN 3.042 (activity of 15,478 U) was added to the homogenate with an enzyme/DPM ratio of 1.0 mg/g. The homogenate was continuously stirred with a mechanical stirrer for 24 h at 60℃. At the end of hydrolysis, the enzyme was inactivated by heating in a boiling water bath for 15 min. The hydrolysate was centrifuged in a GL-21M refrigerated centrifuge (Xiangyi Instrument Co. Ltd., Changsha, China) at 5000 × g for 20 min at 20℃ and the supernatants were collected, lyophilized (R2L-100KPS, Kyowa Vacuum Engineering, Tokyo, Japan) and stored in a desiccator for further use.
Preparation of MRPs
MRPs were prepared as follows: four grams of DPM hydrolysates were added to one hundred grams glucose syrup (solid content: 80%). They were mixed together and heated at 120℃ for 0min, 10min, 20min, 30min and 60min, namely M0, M1, M2, M3 and M4, respectively. After being autoclaved and cooled, the MRPs were kept at 4℃ for further use. 
Preparation of Sachima
L-serine, L-threonine, L-tyrosine, L-valine and ammonium chloride (Sigma Co., St. Louis, MO, USA). These standards were used at equal concentration except for ammonium chloride.
Measurement of UV-absorbance and browning
The UVabsorbance and browning of MRPs were measured based on the method of Ajandouz (2001) . MRPs was diluted to the concentration of 2% (w/v) using distilled water and the absorbance was measured at 294 nm and 420 nm by a spectrophotometer (UV2100, Unico Instrument Co., Ltd., Shanghai, China) for determining UV-absorbance and browning intensity, respectively.
Measurement of the free amino nitrogen content
The amino nitrogen content was determined by formaldehyde titration method (AOAC Methods, 1990) .
Analysis of DPPH radical scavenging activity The DPPH radical scavenging activity was measured according to the method of Shimada et al. (1992) with some modifications. Two milliliters of MRPs solution with concentration of 1% (w/v) were added into 2 mL of 0.2 mM DPPH in ethanol. The reaction mixture was incubated for 30 min in dark at room temperature. The absorbance of the resulting solution was measured at 517 nm by a spectrophotometer. TBHQ at permitted legal limit of 0.02% was prepared for comparative purpose. A low absorbance of the reaction mixture indicates a high free radical scavenging activity.
The scavenging activity was calculated using the following equation:
Radical scavenging activity (%) = 100
where the A blank is the value of 2 mL of 95% ethanol mixed with DPPH solution, the A sample is the value of 2 mL of sample solution mixed with DPPH solution, and the A control is the value of 2 mL of sample solution mixed with 2 mL of 95% ethanol.
ORAC assay
The peroxyl radical scavenging activity of MRPs was measured by ORAC assay as described by Dválos et al. (2004) with some modifications. The reaction was carried out in 75 mM phosphate buffer (pH 7.4), and the final reaction mixture was (w/v) linoleic acid in ethanol (95%) were mixed in a 20 mL tube, then 4.0 mL of 50 mM phosphate buffer (pH 7.0) was added in the tube, the final volume was adjusted to 10.0 mL with deionized water. In a single experiment, sample was replaced by TBHQ (0.02%) for comparative purposes.
The reaction mixture was incubated in tubes with silicon rubber caps at 40℃ in dark and degree of linoleic acid oxidation was spectrophotometrically measured at 24-h intervals. 0.1 mL of reaction mixture was mixed with 75% ethanol (9.7 mL) followed by the addition of 30% ammonium thiocyanate (0.1 mL) and 0.02 M ferrous chloride solution (0.1 mL) in 3.5% HCl. After 3 min, the degree of colour development, which represents the linoleic acid oxidation, was measured at 500 nm by a spectrophotometer. The inhibition activity of MRPs was represented by the inhibition activity at 144 h, it was calculated using the following equation:
where the A 0 is the absorbance value at the initial time (t = 0), the A 144 is the absorbance value at 144 h. 
Determination of volatile compounds of Sachima
Results and Discussion
Molecular weight distribution and free amino acid composition of hydrolysates The molecular weight distribution of DPM hydrolysates is showed in Fig. 1 . It was dominated by the fractions with molecular weight 1 _ 3 kDa (34.94%) and 3 _ 6 kDa (44.66%).
The fractions with molecular weight less than 1 kDa, 6 _ 10 kDa and more than 10 kDa only accounted for 17.22%, 2.99% and 0.18%, respectively. Peptide chain length often had important influence on the antioxidant activity of MRPs (Kim and Lee, 2009). et al. (2006) found that the key material of the flavour enhancement in MRPs was peptides between 1000 and 5000 Da, which were generally called Maillard peptides. At this point, DPM
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hydrolysate could be suitable for Maillard reaction.
The free amino acid composition of DPM hydrolysates is shown in Table 1 . Glu (576.7 mg/100 g) was the major free amino acid in the hydrolysate. Arg, Asp, Lue, Ser and Phe also had higher concentrations than others. The total free amino acid content was 2652.0 mg/100 g, which indicated that DPM hydrolysates were rich source of free amino acids. The specific free amino acid composition may affect the composition of MRPs and then influence the antioxidant properties and flavour of the MRPs. The peptide and free amino acid themselves had antioxidant effect, they might partly contributed to antioxidant properties of the MRPs.
Changes of absorbance at 294 nm and 420 nm and free
amino group content The browning colour intensity is often used as an indicator of the extent to which the Maillard reaction took place in foods and it symbolizes an advanced stage of the Maillard reaction (Morales and Jiménez-Pérez, 2001 ). As shown in Table 2 The free amino group content continuously decreased as the heating time increased up to 60 min. This result suggested that a α-or ε-NH 2 group of amino acids or proteins covalently attached to a sugar to form glycated proteins to a greater extent, particularly DPPH scavenging activity DPPH is one of the compounds that possess a proton free radical with a characteristic absorption, which decreases significantly on the exposure to proton radical scavengers (Yamaguchi et al., 1998) . The DPPH radical was scavenged by donation of hydrogen to form a stable DPPH-H molecule (Matthaus, 2002) . The colour changed from purple to yellow by acceptance of a hydrogen atom from MRPs and it became a stable diamagnetic molecule. As shown in Fig. 2 , DPPH radical scavenging activity of MRPs (1%, w/v) increased as the heating time increased ( p < 0.05). M4 showed the highest DPPH radical scavenging activity with 79.73%, which was higher than that of TBHQ (0.02%). Kirigaya et al. (1968) found that antioxidant activity increased with increasing colour intensity. In the present study, DPPH radical scavenging activity correlated well with browning intensity (r = 0.925) and absorbance at 294 nm (r = 0.991). Similar result was also reported by Benjakul et al. (2005) .
Either intermediates or the final brown polymer can function as hydrogen donors (Benjakul et al., 2005) , so the browning intensity and absorbance at 294 nm well indicated the antiradical activity by DPPH test.
ORAC assay ORAC assay is one of the few methods that combines both inhibition percentage and inhibition time of the reactive species action by antioxidants into a single quantity (Dválos et al., 2004 ). An improvement in quantitation is achieved in the ORAC assay by taking the reaction between substrate and free radicals to completion and using an area-under-curve technique for quantitation compared to the assays that measure a lag phase.
The ORAC assay has been largely applied to the assessment of free radical scavenging capacity of human plasma, proteins, DNA, pure antioxidant compounds and antioxidant plant/food extracts (Prior and Gao, 1999) . As shown in Fig. 3 , ORAC values of MRPs per mL of solution increased from 20.71 to 54.70 μM Trolox equivalent/mL as the heating time increased. MRPs prepared at The complexity in MRPs structures limits the determination of antioxidant activity for each compound in the whole group of MRPs. Therefore, the ORAC assay could be used to determine the total antioxidant capacity of MRPs (Yilmaz and Toledo, 2005) .
Inhibition of linoleic acid autoxidation
In vitro lipid peroxidation inhibition activity of MRPs was determined by assessing their ability to inhibit oxidation of linoleic acid in an emulsified model system. As shown in Fig. 4A , all MRPs could act as significant retarders ( p < 0.05) of lipid peroxidation. Overall, their antioxidant effects relatively increased with the increasing heating time. DPM hydrolysate-glucose heated for up to 60 min (M4) showed remarkable effect of inhibiting linoleic acid autoxidation. It had better effect than synthetic antioxidant TBHQ (0.02%) until the incubation time up to more than 4 days ( Figure   4B ). while after 4 days, the effect of M4 was not as good as TBHQ.
It might be due to the fact that MRPs with water solubility couldn't play a full part in inhibiting lipid oxidation as the emulsification systems disappear.
Effect of MRPs on the oxidative stability of Sachima
The lipolysis changes of Sachima during the storage are shown in Table   3 . The acidity value increased during storage for both the Peroxide value measures the formation of hydroperoxide groups that are initial products of lipid oxidation (Azeredo et al., 2004) . The peroxide value results of Sachima lipids are shown in a-c Different letter superscripts denote significant differences between the storage months; X-Y Different letters reflect significant differences between the control sample and sample with 1% MRPs ( p < 0.05). TBHQ. Whatever the reason, the addition of 1% MRPs had positive effect on the oxidative stability of Sachima. are shown in Table 4 . A total of 34 volatile compounds were identified in Sachima, mainly including aldehydes (8 compounds), ketones (4 com- 
Effect of MRPs on the flavour of Sachima
Conclusion
The present study clearly showed that MRPs could be used in 
